To compare the work-related and lifestyle factors that support the musculoskeletal health of city bus (CB) drivers and long-distance bus (LDB) drivers, and to find solutions for improving drivers' health.
INTRODUCTION
A holistic approach that broadly takes into account the work environment (e.g. physical and psychosocial work environmental factors), competence, and individual factors (e.g. health issues, lifestyle) is needed to enhance the musculoskeletal health of bus drivers [1] [2] [3] . Action research methodology and participatory methods are effective ways in which to achieve this [1] , and have similar key characteristics to macroergonomic approaches [4] .
Bus drivers' levels of competence should be taken into account in measures aimed at improving drivers' health [3] . The "bus driver task analysis" by Salmon et al. [8] showed that bus drivers' work tasks require various skills, which need to be put into action in complex environments. Brunoro et al. [21] stated that "driver activity is permeated with random events" and "in the management of these circumstances competence becomes apparent". Bus drivers' lack of competence can result in psychological and physical stress [7] .
Professional drivers' lifestyles also need attention. An unhealthy lifestyle is a well-known risk factor for professional drivers [7, 20, 22] , who often tend to have an inactive lifestyle due to lack of time and place to exercise [23] , and poor diet. This originates from both the driver culture and lack of opportunities for healthy eating [7, 24] . Poor diet and inactivity often lead to overweight and obesity [25, 26] . Long, irregular working hours are associated with short sleep, which in turn is associated with health risks such as obesity [27, 28] .
No studies were found on the differences between the musculoskeletal health, lifestyle and ergonomic load factors of CB and LDB drivers. The aim of this study was to compare the work-related and lifestyle factors that support the musculoskeletal health of CB drivers and LDB drivers and to find solutions for improving drivers' health. The theoretical framework was modified from Poulsen et al. [3] "Four-leaf-clover" model ( Fig. 2) .
MATERIALS AND METHODOLOGY

Study Design
This was a cross-sectional study conducted in 2010-2011. The data were gathered from one large bus service company operating in two small towns in Finland. In this company, CB drivers operated inside city areas and the LDB drivers operated between towns. The data were gathered through a questionnaire, interviews and a workshop.
Participants
The questionnaire was administered to all the workers (n=115) in one section of the company. Altogether 66 bus drivers (57%) responded. However, four drivers did not respond to the question related to CB or LDB driving, and, therefore, their responses were not available for the subanalyses. Hence the final number of respondents was 62 bus drivers (aged 34-64 years) who worked as CB (n=27) or LDB (n=35) drivers. The median of work experience was 18 years for CB drivers and 14 years for LDB drivers. (Table 1) .
Two thirds of the respondents were men. The CB drivers group had somewhat more women, respondents were slightly older, and the proportion of overweight and obese workers was greater than that among LDB drivers ( Table 1) .
Questionnaire
A questionnaire (paper form) was used to assess MSDs, work ability, workload factors, accidents and safety at work, the usability of bus cabs, and lifestyle factors.
Musculoskeletal pain was elicited with one dichotomous question (yes/no) regarding the following anatomical areas: neck, shoulders, low back, hips, knees, and ankles. Questions were modified from the validated Nordic Musculoskeletal Questionnaire [29] . In addition, the amount and content of guidance on the prevention of musculoskeletal health hazards at work were investigated using five dichotomous questions (yes/no) and one open question.
Current work ability compared with their lifetime best (0 = completely unable to work, 10 = best work ability) was elicited by one question. Later, work ability was classified into the following four groups: excellent (10), good (8-9), moderate (6-7), and poor (0-5) [30] .
Work environment was evaluated by questions about physical and psychosocial workload, the usability of bus cabs and seats, ergonomic solutions, accidents at work, accident risk level, and incidents of physical violence. Physical workload was elicited using six questions concerning awkward neck postures, working with hands above shoulder level, awkward back postures, duration of continuous sitting, manual handling of loads, and the weight of loads. In addition, we enquired about the use of lifting devices [31] . Ergonomic solutions that decrease workload were investigated using two open questions.
Psychosocial work exposure (e.g. mental stress, social support at work, skills discretion, time pressure, and psychosocial demands at work) was enquired about using eleven questions adapted from a validated questionnaire [32] .
The usability features of the driver's cabin were evaluated using visual analogue scales (VAS) [33, 34] , which are 100 mm long continuous lines with endpoints anchored by 0 (very poor) and 100 (very good). The participants were asked to mark the point on the line that indicated their assessment of each feature. The VAS score was a measured distance (in millimetres) from the 0 scale point.
Accidents at work and incidents of physical violence (at work or on the way to or from work) during the previous 12 months were elicited using one dichotomous question (yes/no). In addition, the respondents were asked to assess their accident risk (none at all, somewhat or large) in relation to 12 items (e.g. time pressure, violent customers, noise) [35] . Lifestyle factors were assessed using ten questions. Five questions concerned exercise habits (amount of daily physical activity, cardiovascular and endurance exercise habits, and exercise during the work day), three questions concerned sleeping habits and two questions were on the use of tobacco and alcohol.
The competence and education of drivers was elicited by three questions. One question concerned drivers' work experience and the second was on ergonomic counselling. A third, open question was used to assess the needs for improving competence in daily work.
The responses of the questionnaire were recorded using Digium Enterprise Software, which was used to provide descriptive statistics of the data. The SAS statistical package (Version 9.2) was used for all of the analyses. The differences between the CB and LDB drivers regarding MSDs, work ability, load factors, safety at work, and lifestyle factors were analysed using the chi-square test and Fisher's exact test, and the differences in the usability of cabins were evaluated using the Wilcoxon signed rank test.
Interviews
Three experienced LDB drivers (experience of bus driving between 15-23 years) and one CB driver (5 years) were interviewed during natural work situations (e.g. driving and loading/unloading situations) and at the bus depot or the recreation facilities. In addition, two members of the management were interviewed at the bus depot.
During the interviews, bus drivers were asked to give their opinion of their work ergonomics; what functions well at work and what needs developing. Furthermore, the drivers were asked about the amount and nature of ergonomic advice or recommendations that they had at work. Management was asked the same kinds of questions.
In the course of the interviews, the researchers also observed the drivers' work habits (e.g. working postures and movements), work facilities (e.g. the safety and ergonomics of the premises at the bus depot, in the recreation rooms and inside the bus) and work equipment (e.g. availability of loading aids, personal protective equipment and clothes). The researchers wrote down the results of the observation and took photographs during the observation. These data were used at the workshop, in the reports and in later bus driver training. Informed consent was obtained for the pictures beforehand from both the drivers and the bus service company.
Workshop
One three-hour workshop was held at the bus company. Its aim was to gather more information on the risk factors of drivers' work, produce ergonomic solutions, and find new ideas for improving bus drivers' musculoskeletal health. Altogether nine people, in addition to the researchers, took part in the workshop. Four of these were experienced bus drivers (two of them worked as mentors and two of them as work safety representatives), three represented middle management, and two were from occupational health care. Previous literature and the results of the interviews and observation of the bus drivers' work were used to aid the discussion.
At the workshop, the participants were divided into three subgroups. First, each subgroup listed the problems affecting bus drivers' musculoskeletal health on some notepaper. These papers were pinned to the wall for the other groups to see. Then the whole group discussed these problems and divided them into categories. After this, work in the subgroups continued. This time each subgroup searched for solutions for diminishing work strain in bus drivers' work. Finally, after the whole group discussion, the best ergonomic solutions were proposed for implementation at the workplace.
RESULTS
Work Content
Information on the content of bus drivers' work was gathered through interviews and observation. Both CB and LDB drivers' work contained preparatory tasks prior to setting off on a particular route. While driving, the CB drivers constantly stop at bus stops, open and close the bus doors, collect fares from passengers, interact with passengers, and observe the pedestrians and traffic outside the bus and passenger activity inside the bus.
The LDB drivers' work included these same tasks, but the unbroken periods of driving were longer and the amount of other activities less than those of the CB drivers. Furthermore, LDB drivers handled the freight (loaded and unloaded it) carried by the long distance buses, i.e. different kinds of packages (weight max. 50 kg), and the bus passengers' luggage.
Musculoskeletal Health and Work Ability
In the questionnaire, both CB and LDB drivers reported musculoskeletal pain in various body parts during the previous three months. Drivers most often reported neck pain (71%), low back pain (56%) and shoulder pain (43%). The prevalence of all the MSDs, except knee pain, was higher among the CB drivers than among the LDB drivers ( Table  2) . The difference between the CB and LDB drivers was statistically significant (p<0.05) for shoulder pain. Of the CB drivers, 70% assessed their work ability as good or excellent, 15% as moderate, and 15% as poor. Of the LDB drivers, the corresponding proportions were 79%, 15%, and 6%, respectively.
Work Environment Factors
The physical work environment risk factors that the CB bus drivers reported in the questionnaire were different to those reported by the LDB drivers. The CB drivers more often reported awkward neck (p<0.01) and back postures (p<0.01) than the LDB drivers, whereas the LDB drivers performed manual lifting tasks more frequently than the CB drivers (p<0.001) ( Table 3) . LDB drivers also manually handled loads of over 25 kg more often than the CB drivers (p<0.001) ( Table 3) . Time spent sitting (hours/during work time) by the CB drivers was longer than that of the LDB drivers (p>0.05). Leisure time sitting periods of the driver groups did not differ ( Table 3) . The CB drivers gave lower values for the usability of bus cabs than the LDB drivers. In particular, the usability of the driver's seat (e.g. design and adjustability of the seat, seat lumbar support, and seat elbow support) was more often considered poor by the CB drivers than by the LDB drivers. There were statistically significant differences between the usability of the CB and LDB drivers' bus seats (Fig. 3) .
In the open questions and in the workshop, the bus drivers highlighted the fact that the ergonomics of bus cabs in the old and new buses differed considerably. In addition to bus seat problems, drivers also mentioned that the limited space in the bus cab often prevented good work ergonomics; tall bus drivers in particular had problems with their work posture. According to the bus drivers, other areas needing development were the thermal conditions and voice Table 3 . Physical workload of city bus (CB) and long-distance bus (LDB) drivers.
CB Drivers (n=27)
LDB Drivers (n=35) All (n=62)
Awkward neck postures at least 1 h/day, (%) ** 26 0 11
Working with one or both hands above shoulder level, (%) 4 0 2
Awkward back postures at least 1 h/day, (%) ** 11 0 5
Manual material handling without lifting aids several times a day, (%) *** 0 29 16
Handling of loads over 25 kg; lifting aids not available, (%) *** 4 74 43
Sitting time at work (hours), median (range) * 9 (7-12) (n=25) 8 (5-11) (n=35) 9 (5-12) (n=60)
Sitting time during leisure time (hours), median (range)
Statistically significant difference between CB and LDB drivers * (p<0.05), ** (p<0.01), *** (p<0.001). Table 4) .
During the previous year, 8% of the CB drivers and 9% of the LDB drivers had an accident either at work or on the way to or from work. In both groups, the most often mentioned risk factors for occupational accidents were slipperiness, time pressure, and awkward work postures. Moreover, CB drivers mentioned violent passengers, lack of personal protective equipment and poor work equipment. LDB drivers in turn reported awkward postures and physical workload as the source of occupational accidents. Decreasing time pressure at work, acquiring safer loading equipment and developing safer loading areas were mentioned as developmental targets related to occupational accidents ( Table 4) .
No statistically significant differences were found between the psychosocial load factors (e.g. time pressure, job control, and mental workload) of the CB drivers and those of the LDB drivers. Psychosocial work environment factors were also highlighted as developmental targets at the workshop. For example, more time for preparation tasks and load handling, better control over work shifts, better information flow at work, and developing bus drivers' own responsibility were mentioned ( Table 4) . 
Load handling
Better usability of load handling trolleys Devices for load handling
Reassessment of cargo weight limits
Load handling areas to be kept in better shape
Bus drivers' work clothes
Safe, non-slip working shoes
Gloves for LDB drivers Warm clothes
Psychosocial Work Environment
Work organization
More preparation time is needed in the winter or some preparation tasks should be given to cleaning personnel More time for load handling Bus drivers' opinions and wishes should be taken into account when designing work shifts A proper, comfortable rest facilities for CB drivers (a new space was under development at the time)
A sofa is needed in LDB drivers' rest room (because of long waiting periods)
Information flow
Better information flow about changes concerning work shifts
Electrical information board -more efficient, faster information flow A feedback system for reporting deficiencies in the loading/unloading areas Bus drivers' opinions and ergonomics should be taken into account when buying new buses or repairing old ones
Bus drivers should give the company and/or the loading area personnel feedback on issues that need developing
Work climate and attitudes
More joint responsibility at work • concerning e.g. handling cargo -everyone takes their share of the cargo Everyone is responsible for developing their own competence e.g. learning good lifting and cargo handling ergonomics and using the available cargo handling equipment.
Lifestyle
Bus companies should continue to support bus drivers' physical activities. In addition to this, the bus company should allocate special exercises to drivers who face several health risk factors (e.g. obesity, musculoskeletal disorders etc.).
The bus drivers should enhance their lifestyle by e.g. doing more exercise and getting enough sleep and proper recovery during leisure time.
Competence / training
More training on work ergonomics (especially driving and loading ergonomics and bus seat adjustment), ticketing issues and warm and safe work clothing is needed.
Some of the drivers should be educated as "ergonomic coaches" who could educate co-workers. This could be done in association with the occupational health services (e.g. occupational health physiotherapists).
Lifestyle
There were no statistically significant differences between the light endurance exercises of the driver groups ( Table 5 ).
The CB drivers slept less (p<0.05), had more sleep disturbances (p<0.05), suffered sleepiness at work (p<0.01) and smoked (not significant) more often than the LDB drivers ( Table 5 ). Altogether 37% of the CB drivers and 17% of the LDB drivers smoked daily ( Table 5 ). There were no statistically significant differences between driver groups' use of alcohol ( Table 5) .
Discussions on actions needed to enhance and support bus drivers' healthy lifestyle activities revealed that this was considered the responsibility of both the bus company and bus drivers ( Table 4) .
Competence and Education
The drivers were mainly well experienced in their work ( Table 1) . One third of the bus drivers had received counselling on how to prevent health hazards, especially musculoskeletal disorders in their work. Within this group, 39% had received instructions for adjusting the steering wheel, 38% for adjusting the seat and ergonomic sitting position, and 38% for exercises and other recovery activities they should carry out at work.
According to the bus drivers' answers to the open questions and the discussion in the workshop, the amount of counselling available was insufficient. The bus drivers felt that they needed more training on work ergonomics, ticketing issues, and on company policies concerning systems for work equipment services and sudden changes to work schedules and work tasks ( Table 4) .
DISCUSSION
The CB drivers reported MSDs more often than the LDB drivers. The CB drivers were also more often exposed to psychosocial load factors and unhealthy lifestyle factors than the LDB drivers. Furthermore, the CB drivers' rating of the usability of bus cabs was lower than that of the LDB drivers. Exposure to prolonged sitting was common in both groups, but there were differences in other physical risk factors. The LDB drivers handled loads more often than the CB drivers, whereas CB drivers reported more awkward working postures. The exposure to so many risk factors emphasizes the importance of both carefully clarifying needs and of using a holistic approach in intervention studies of bus drivers.
To our knowledge, there are no previous studies comparing the lifestyle, work-related risk factors and MSDs of CB and LDB drivers. As in earlier studies, the prevalence of MSDs was high among bus drivers [6] . In our study the most commonly reported pain areas were the neck, low back, and shoulders. In general, the CB drivers reported more MSDs than LDB drivers. Statistically significant differences were only seen in shoulder pain. This may be due to exposure to awkward neck postures, especially in cities, where drivers have to make quick head movements to see properly. This has been found to be a risk factor for neck and shoulder disorders [36, 37] . Furthermore, the CB drivers' work also included awkward arm and hand postures during the collection of fares. Albert et al. [38] study found that drivers' necks were twisted for approximately a third of their driving time. In our study, one fourth of the CB drivers reported awkward neck postures for at least 1 h/day. LDB drivers' work in turn contained physical loading and unloading tasks, which created a counterbalance to static driving tasks.
Other explanations for the greater number of MSDs among CB drivers may be differences in driving environments, changing thermal conditions and draft, and bus cab usability. In cities, the roads have more speed bumps and cobble stones and CB driving contains more braking and accelerations than LDB driving [9] . Cold air and draft may worsen MSDs [20] . LDB drivers' rating of the usability of bus cabs was higher than that of the CB drivers. However, both driver groups reported several developmental needs in bus cab ergonomics. Poor design of a bus cab can cause both physical and psychosocial strain to bus drivers [7, 11, 17] . Bus trade companies should be able to concretise these problems and inform manufacturers and designers of them [39] .
The risk factors associated with back pain were also present in LDB drivers' work. It is known that prolonged periods of sitting linked to vibration from a bus increase the risk of low back pain among bus drivers [40] (Lis et al. 2007) . Studies have also shown that driving, in combination with strenuous work, increases the risk of back disorders [41, 42] . In our study, almost one in three LDB drivers handled loads manually in outdoor circumstances several times a day, Table 5 . Proportion (%) of city bus (CB) (n=27) and long-distance bus (LDB) (n=35) drivers who reported different lifestyle factors.
CB Drivers (n=27) LDB Drivers (n=35) All (n=62)
Sleep < 6 h /night * (%) 37 11 21 Insomnia or awakening 3-5 days/week * (%) 35 9 18 Sleepiness affects work performance (continuously, often, rather often) ** (%) 30 3 14 Physical activity (leisure time exercise 30 min/day) (%) 12 20 15 Daily smoking (%) 37 17 24 Alcohol consumption (> six units at a time) (%) 4 3 3
Statistically significant difference between CB and LDB drivers * (p<0.05), ** (p<0.01).
and lifting aids were often not available. In addition, loading after long periods of static driving time increases the risk of back disorders. In LDB traffic, both men and women handle freight, despite anthropometric differences or differences in muscular force. One third of the bus drivers in this study were women. It is known that women's muscular force is smaller than that of men [43] , but the manual loads in bus drivers' work are the same for women.
Prolonged periods of sitting at work is a common risk factor for MSDs among both groups. In this study we analysed the amount of sitting subjectively; this is common in studies concerning sedentary behaviour [12] [13] [14] . The CB drivers' sitting time at work varied from 7 to 12 hours and that of LDB drivers from 5 to11 hours. In van Uffelen et al. [44] study, two thirds of adults spent up to half of their work day sitting. In Finland, 46% of women and 51% of men sit for at least six hours per work day [45] but in some occupations, such as that of call centre workers, over 80% of working time is spent sitting [46] . According to Patel et al. [12] , sitting for over six hours per day increases the risk of mortality.
Psychosocial load was somewhat more common among the CB drivers, who also considered their work to be more time pressured and mentally strenuous than the LDB drivers. As several psychosocial factors at work have been found to associate with the occurrence of MSDs [19] , this may be one explanation for CB drivers having more MSDs. In this study, the bus drivers proposed that work organization, information flow, work climate and workers' own attitudes should be developed in order to enhance their psychosocial health at work.
Overweight, obesity, smoking and sleep disturbances, all of which have shown to be risk factors for low-back pain in particular [47] [48] [49] , were common among the bus drivers. Every fourth driver in this study was obese, and over 40% were overweight. The proportion of overweight and obese drivers was greater in the CB than the LDB drivers' group. Prolonged sitting and an inactive lifestyle can lead to drivers' obesity [7, 12] . The CB drivers smoked more, consumed more alcohol and had more sleep disturbances than the LDB drivers. About one third of the CB drivers suffered sleeping problems and slept under six hours per day. In a Danish study of municipal drivers [2] , the proportion of obese drivers was somewhat smaller, but the proportion of smokers was much larger (54%) than that in our study.
Finally, there may also be a "healthy worker effect" in this industry. A good question is whether some bus drivers start their working career driving long distance buses and change to driving city buses when health problems emerge.
The main strengths of this study were the use of different methods in data collection and the use of a holistic approach to studying bus drivers' work, which was enriched with a participative ergonomics process. This made it possible to obtain in-depth information about the factors affecting the LDB and CB drivers' musculoskeletal problems. It also enabled the bus trade company management, employees, occupational health experts, and researchers to work together in order to find developmental issues that could enhance bus drivers' musculoskeletal health. The developmental issues that needed action in the bus trade company were diverse. Some of them (e.g. repairing the seats) were rather simple and easy to implement, using a minimum amount of money or resources. Other complex developmental needs, such as the need to redesign bus cabs, were out of the bus trade company's hands. However, these still call for attention, in order to make such development needs visible and concrete enough for designers and other relevant stakeholders. Method triangulation (questionnaire, interviews, workshop discussion and observation) was used to confirm the reliability of the study. In addition, validated and previously used questions were used in the questionnaire.
The main limitations of this study were the crosssectional design, the small number of drivers, and the fairly low response rate (57%). Therefore, the results should be interpreted with caution. Furthermore, it is not known whether there was selection bias among the participant group, because there was no information about those who did not answer the questionnaire in this study. Indeed the age and gender distribution of the participants complied well with the workers in this bus trade company in general. Care should be taken when generalising the results of this study to apply to all bus drivers in Finland, because in Finland about 90% of bus drivers are men and 10% women [50] . In this study, the gender distribution was 2/3 men and 1/3 women. The results of this study can, however, be generalized to cover other small town bus drivers in Finland. In bigger cities, the work-related factors, such as bus route lengths, the amount of customers and other traffic, are somewhat different and thus the results of this study can only be suggestive.
CONCLUSION
Ergonomic interventions that target bus trade companies must consider the needs of both LDB and CB drivers and apply a holistic approach in order to have an effect on bus drivers' health and work ability. Good co-operation with occupational health service personnel helps bus trade companies achieve their goals.
This study showed that the factors affecting bus drivers' health are the design of the bus cab, the maintenance of buses and work equipment, development of the work organization and work content, company policies, ergonomic counselling, and training on lifestyle and work content issues. It is important to remember that sometimes a minor issue from the company's point of view (e.g. cleaning seats more often) may be of substantial relevance to the bus drivers' work satisfaction.
The results of this study can be utilized in bus trade companies and their occupational health services when developing drivers' work and work environment, and enhancing their health. This information may also be useful in the field of training.
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